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1 

itmm i ) s i x -aj i .1 o 

7^MWIffl?&*«$rJFMt. 1 1 0 0*Ciy±<^S 

<d 5 o m mtLtsx i-yymwxma-z> ztzm® 
[ tmm 3) iioo va±0)mv<D&M®v?k% 

WftTC&ft F e . Cu, C r . N i 0)&«tfl-O P P 
*XS (OH) aTOHMWEtf 1 0 0 p p mJSLhTjjo 

i o o o p p mjaT-e** i t fr^st -rsii^ja i . 
m. 

[000 1] 

1-fti?>T*<&ft. 
[0002] 

[ fif*OtS« ] i v?MR«iaj|!KKffiffl Six 

mmommtixit. Km?*, &utmmmm^ 

^fflSixT^ft. 

[0003] (Si-^i-A) co*»yHi. 

k«*T"£>ft. 

[0004] s i ^xw\&K}S<97j<^fs:gg&4' 
« «* ft d i: K J: 9 . -7 x \«JRS«)KRiRK^ 

1ST s itz mm tz-ri tmim s ztix ^ ft . z <r>* 
mww%*x'v>mMifmz&mti\&ttx^m-tz>i$> 

[0005] wftf^M xiis nMmmzi^\ mm 

fcttiUUlOAIPWWSto^. fflfflfcfc-'T^ft. ^ 
Ht&.IfctffH*. WffcJBffl ( 1 1 0 0'CW-h) 

[0006] ffltt. ^fe«8ittCffl^<9*lftE3S#5 
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2 

fcfcs WHWfcMtUTfc. AH^Fttftttl 0-1 0 0 

0 p p b east* t r v > & raa**ar* & . fc t *. # , 

Fe^JfefcRIL/CSitf. 1 0 0~1 OOOppbc?) 
iSH£T*ft. 3<bC. ^#7*«#tt*^Ema£ 

[0007] ;<0^5^S!iBiS:ffl^Ttett. Bfl3Sso& 
[0008] 

0^7X»Srffl^T**#iimTT'l 1 0 0mt 

<vmm:'ft o m^fctj^ru. juntas** stpjii 

i:$r-?T<ft. 

[0009] xy3y)i-A(o»siifii^ 
.izmmix-m \> vkjbk *> ft . 

20 [00 1 0] -eco/ito, v-'Jrjy^x-VNCo^ffiWS i 

1 0 nmeK<Oi«8»<tJR3m«LT^&. S i &fflr> 

mmmm^wmmztttx'yx-^z&m-tm 

[00 11] kZhtf, rtSHffltf^x-ASBilis 
7K5S^'xtc i 0 @^ST«* { x . y f - y ^S n ft v- 

•j3>-*Saii*<tf#7t*tt^oT^ft. isV 

30 x-co 1 1 o o°ca±commm^ut. ^m^mw^j. 

[ 0 0 1 2 ] S , 7K^#Simt«JI-tft ttcj; 

o . ?BMtf y * rt»«^iwwtt*ai u^>-r < & ft . 

ft . 535 y^ff^m^h Mfc-f ft f^ffl^ * ft . 

[0013] tfc. *m*f zi&smx y * tfrmtxtf 
yXimz^-^vyi-hm^hhh. *<ntz#>. 
&<r>-&\*am 7 zm®cox-y+> sizx^x. «t o 

JpKSuWIP rtCttffi $ ix ft i fc fcfc ft . 

40 [0014] 7 7s 4J»^W**Wffl<0^K 

Kffi$ixftfl(i, TOMUWK. #Hm//7^ft!itc. 5 

is+t*4<xftOHsausct»»snft»:k*<xttc 

J: O^ffltt^T^ft. OH3HME* < *v«CT !! »Hllft 
ftaj**jJ«flrW. Tttttt'. M. Hi I 1, D. Hel I 
raanSW. Rotherf 'Sol id Stat 
e Technol ogyjS4 9I(1994$3fl 

[0015] Mitf . F e j»K*«2 0 0 p p b . OHffi 

maw i o o p p m^flSBJW fcfifcffl LT7k»r^- 

50 /Utffofci*^. 7kfR7--;^xW\(i > JnM6<HcU: 
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1 X 1 0 13 at oms/cm 3 ( 2 p P b ) W£.<F>ft$k 
-Ml WtfSSMiaKtl 4 ,1/10 OTSSOffi-^ £ g 

[0016] w±cr>mmz£ o . lEmjzwwm 

6. 

[0017] #»BHii, Hua u:^ i-A^«r»m: io 
saafflte^osajt^SrJStt-ri. c 1 1 mi th i><o 

[0018] 

Wy'j3y)i-A^noo 'C l&Jcni&gximt 

,fii5rffMU 1 1 OO'CahWiaffi-CJSa-r&fflK, * 20 
IBfflfiKT-x ■•/ f-y Vimt hZ.t*i&B)it?hWMJ 
[00 19]»£l<ii, W7A«fWJ:LT, 0 

50 u mULL* x.v+y ?>mxiS& L X . Wkti 9 * 

nmmmi&m&^i&m^mm'h&F e , c u , 

Cr, Ni 5-IOpp bOTfc L- > *>->53S#7 

AjfajpifflifiJWMfc+O*^ ( OH ) ^)7KftaS 30 
JIOOpp mJa±"C*»0 1 0 0 0 P P mOTtf 6 . 
[00 20] 

X'hh. 

[002 1] *JM!fcJ:iiIf . ^#5**«9&KTO6 
|(Fe, Cu, Cr. Ni)AU0 PP b OTT\ 



* OTK^a ( O H- ) « TOfifoWK** 1 0 0 p p mlil±*> 
•51 0 0 0 p pmOTT'J>6. 53S//?A4 , <5'>&JSTO 
%T'*>S Fe, C u . Cr, N i tfD#*# lOppbJ 

immm®x'£%<Kf:&. ioh- > o 

W»l 0 0 0 PPraJMi&t. 

siAoa&tfTa* v\ no o'ciUi^f^atciBi h 

ti%< & *)BW.ff$ffl IX It o . 7j<s^S (OH- ) co 
TO«£# 1 0 0 p p m*SiT*>S fc . 534#5X4> 

[0022] ^Oli&^ff SrSlfctfcAfcli. J: itf 
tf V A Dfc^jfcE&tf?* JSflWf htlh . OHSiilS 

**&?RJE*> i> v * 6 c: t k J; 0 7 x 

[0023] £tcm^W£Mxmmm%t&t:#> 

iz. G&tfyxm&comfBM'S: 5 0 v.mVXk7 7<bK« 

mmm^xxy-1-y^-fhzt^s.i u\ 50um& 
mmzwrncoftm^mtKci. tug*. iafflwai>6o 

■f ft 7 7 ft7K#KTx 7 -1- yy-rytmifi frti 
tl«. L>U Zcr>mmtiMzimumi^-v1-y 

'/th<F>h.xh->tz. zcoxd^m^ximnmmm 
x'tefmiz%e>%wtf . Kmnwmximmz'ii 0 m 
■sizmmtfOL imcox-h h . 

[0024] 

ttmx'immffi^mcomnipimmftuz. * 
tiztHv&fc'gzmix , jwwtifvv »^x- 

^WffiSWSSJtlRLfc. 1 200-C, 

TlfcKLfc. a 1 laWLtiFSKHUl ( Fe, OH 
ffi) k^x-A^SSr^t. 
[0025] 







(il O 12 a t oras/cra 3 ) 




Fe(ppb) 


OHg(ppm) 


H 2 . 


A r 




A 


0. 2 


20 


0.5 


<0. 1 




B 


0. 5 


100 


<o,.i 


<0. 1 


It * t 


C 


0. 5 


1100 


<0, 1 


<0. 1 




D 




10 


5. 5 


0. 2 


ae » ^ l 


E 


uo 


10 


120 


4. i 


*» tt L 


F 


15 


200 


3. 4 


I 5 


*»* L" 


G 


7*0 


250 


7$ 


13 


* » tt t 



'Citi&fipsmyzx'sm xm&uzws'uX'fc*) . *^*>. jrewd, Ettis** 
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mm. i tzMffuTh h . tami d -G^&f & mix 

[00 26] A~G<7»<ili, £T, **#ffljll-C0) 
[00 27] £«otS*J: Ofl^&J: 3 tK^#0B^ 

[0 0 28] rtSg/Mfcr^rfytf^fcogi^ix *io 



[ 0 0 2 9 ] *^#^T'CT«afi^« 5 ;K < iW 

[ o o 3 o ] g 2 b cox. -v f yym&comm 

[003 1] 
[82] 

(ppb) 





x y f- y ? ffi 


x ? f y f '& 


(lira) 


Fe 


Cr 


Ni 


Cu 


Fe 


Cr 


Ni 


Cu 


0-30 


50 


23 


45 


55 


3 


0. 1 


0. 5 


9 


30-60 


12 


2 


14 


34 


1 


0. 1 


0. 2 


5 


60-90 


2 


0. 1 


0. 2 


8 


0. 5 


0. 1 


0. 2 


5 



[0032] ma 

(x L 0 1 2 a t om s/« in 3 ) 





Fe 


Cr 


Ni 


Cu 


x v * y ym L 


5. 5 


0. 4 


<0. 7 


3 


x v + > W 0 


0. 5 


<0. 3 


<0. T 


<0. 2 



x.y+yywmthZblzX.*) . WSS^&JS^&^K *ms/cm' laTiTftMLTO*. 

WfrWx. *iiCJ:0**T--yNO>>*wNjJ5j!ftj|i [0034] 

*H/Ov&. [I6d^j*] *3S>5!fc:J:*itf. ±m>i^ tit IMF 

[0033] f"), 8l2W83^x-'NFeffii£££ 30 e, Ni, Cr, Cu^MTAUxi 0 12 atorn 

m$.-C&&t. tt*. lO'^lCatoms/cm C:<7)7K^#iimT-Wf UOi-^ 

2 FeffJtoP, WfoWzitUi. 10 9 ato* (i, «t OBJUTC. r'A'^f ^**«rt±*«J!.4)#lft. 



[^flEMGES] 

[ffliEW^*«*i mm 

[ffliE^ffi] SSS 
[ffiIEl*]!g] 

mm 

i m>m i ] *m»m®.x'h & s i -> x -> ^ 1 1 o 



areas** & wtk s 5 xM^nffl^ASfn 

CO 5 0 /imHIJi'y f-V^JWCI**** £ t Zft® 

t ? & aw?« i izimrvsm y xmmmmmm 
rnxm. 

1 imm 3 ] iioo °ci;xkcom.x<ommmmm 

2 izimco^&tfyAfflmmmfeMcommijm . 

TOfiSHjT* 6Fe, Cu, Cr, Ni *U 0 p p 
(OH) W^^iRffi^ 1 0 0 p p mJ2LLT0*O 
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1 o o o p p mU).TX'$>& z t tw&t tmmn i . 

2 it fctt 3 izimnT&tiJximmmMicmm 

[0001] 

[jwwbw-wmm *3tmu. ipm. #-k sua 
t&i>cr>X'fo&. 

[0002] 

[0003] ( S i ?x wn ) 

i®*T'S>4. 

[0004] ftjfi. S i ^i-ASrJSil^SHHSi'f 

«kt s itx mamiz-t h mum. sztix^i. 
«3»ii5r*t t i&maWj^x-mmt 4*a 

[0005] WflsrA-f «MWfcfcffv\ Kfcg 
ffi^colS* *»« L < & o T 4 . -5- IT . ftKHUDSic 

H-fa-ita*^. #tsia ( 1 1 oo*ctLh) cotm 

I 0 0 0 6 ] J1J&. ^ft<7)«fcfflv^:h.4538i#7 

saittffc&ifcLTk. ^ee^ittttii o-ioo 

0 p p b SlffiflA IX v ^ 4 eotftffflT* 6 . fc t * fct\ 
FeWi, 1 0 0- 1 0 0 0 p p bg&?JSALT^ 

4. $4>t. ^^'yxmm^^Eiiim&iMxti 
mzmmztz *>k ^commco^zmx^^ t><n 
ffldfi± l. t< izftZitfy sMcnm® wwmtfm 

[0007] z<v?jyzm&&m^xmft. Wim<m& 

[0008] 

IWWMiklZ'jttmM) IfrlZtfb. Z<r>X 
IKtfym&Zm^XymmWRTX'l 1 0 0°C&± 

common o ^fcfci ^x a . jus**v >± g &is]b 

[0009] y*)x-tw&m<n s i flFHiJS-S- 



[0010] ZVtztb. x 'J 3 y"7 x w\c7>SijH(7)S i 
1 0 n mf££Wg»ft»-tt^ LT^4 . Si mm<n 

Mimimmfrbnmi&ztt lx *? x -^t 
[ooii] kz*>i)K *.m>m*w x->s&mi. 

*JR#*C J: 0 U?mimtfx.-vi-v?Zixhfz)!hl,zi/ 
Vziy®$mtft!£tiUZ%iX^&. *<9£a6. i/V 
a y; x-^tmmimnicfcfcL^vViBlzfo 0 . 

x-coi i o ox:&±<Dfmw*Mi. &mmmwx 

~;^)lzW. l 0&£ix%<%Z>. 

[o o 1 2] s&fc. 7Ktn»ifimTmwi-<ri»cticj; 

( 0 0 1 3 ] ±fc. RJEUTXf 

yz$mzx.-y-i-yyi-&8i%i>$>&. %<Dtz#>. ^ 

[0014] 5^*'5^4'^JR^i6^'Wlco^t 

mt\i-/W&\\ KtH-X, M. Hi ! 1, D. He I I 
manSV'M. Ro t he rf fSo 1 i cl Stat 
e Te ch no 1 o gyj £54 9H ( 1 994^3^ 

[0015] ~mtU. F e ?8JKA { 2 OOppb, OHffi 
i&mn 0 0 p pmtfWKSKS:*S:fflfflL-C**T-- 

1X10' 3 a t o m s/c m3 ( 2 p p b ) gffi^ 

=-;WI t'<0f^«Stt-r .1/10 WTSS^r^Sr 

[0016] ia±«B«K J: 0 . ESSjy^xKwjrcStf 
Srffl y V ^ y<7 x -^cnfmm V^s o R, » OKSg 

ft**»ajL*f»1-< . ^x-ZNti^^ix^-f ^ikfc* 
4. 

[0017] *f£BJ!(i. n5aL7f7x-vs«-iftc7)PJ]gHC 

7KiT5#iim+t-^w?a^Fj ( y mr~-iv) t 
fflv i> +> x -j iom^TGRtfy* S^iM 

■C'*4. 
[0018] 

fc4-/'jay7i-Ajiioo icjjUKOiaa-cJsa-r 
htz^oy^ij'yx^mmM^ffm^nmzii^ 
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[0019]Jff4L<li. 5M5^fflat. 0 

n^mmmm^(n±m^vmx'hhF e,c u , 

C r . N i 2r 1 0 p p bOTfc U . fr^fiZitfy 
xK.WTO&mW^KBSE (OH) tf>TOfi«j«& 
JIOOpp 1 0 0 0 p p mfeJlTfcl**. 

[00 20] 

[0021] **WtJ:*Uf, 5£//^4^£E^fct! 
ft (Fe, Cu. Cr, N i ) #1 0 p p bOTT'. rt> 
o?J<RS?5 (OH- ) OTOttttiMgft' 1 0 0 p p mJ3Lb&» 
o 1 0 0 0 p p niOTt'ifeS . A*?)^^ 
fttAiF e . Cu.Cr, N i c7)&/?# 1 0 p p b *r 

t^&#MlT'£&<&6„ (OH- ) O 

lOOOppm 6 fc . WktfyW 
S^/flJK* { T* { 0. 1 1 0 0°CW±O»JI(c»U'b 

fia < & o mwm ixito. *g& ( o h - ) <o 

1 0 0 p p m*ffi?&4 b . 



[00 22] i<0«^ftttS:g93frfc*tii. fci;Uf 
Km* y AlFm*} y WW® b LTH4U\ fcfc* 

ii'v a Dffi^BE^s^ 'jzmtthtf htih . o H3|{±i§ 

**fft?RJE* * i§»3 ■£ * C C J: 9 A 

[0023] ^!t-^Jg^(7)^aDl^lfe5rl^*-r ifcA 
t, E3S#5*8!ift«0$yBa* 5 0 jumULh7 7 -ft** 

wtw*wfi«w^BWt**. tie*. ffifflfr**v^ 
y-thwxh-ytz. zcox 'j%wzxum%cofmw 

[0024 ] 

n%xmmmmmmfnmm-k%w uc. * 

A^&JKSrJti&lrt:. fmmcoi&mt. 1 2 0 or. 
i wria-e, **y/ *<z>#fflsi t r ^ 3* y //* <r>w&% t 

tttK Ufc . * 1 K$W L^ft-fW&ffi ( F e ) o H 
[0025] 

[#U] 





5 * *& K 


ti 1 0 L2 a t odi/co 3 ) 




Pe(>pb) 


OIIS(ppd) 


H 2 


A r 




A 


0. 2 


20 


0, 5 


<0. 1 


K JB ft L 


B 


0,5 


100 


ai 


<0. 1 




C 


0. 5 


1100 


<Q> 1 


• <0. 1 




D 


50 


10 


5. 5 


0. 2 


L 


E 


450 


10 


120 


4. 4 


* JB L 


F 


IS 


200 


3. 4 


1. 5 




G 


780 


• 250 


7C 


13 


& « I 



& 1 tCfclfVCtt. ^'i?1 : A-C{i-&)S5^//7XT"^3i 
L^i!n a nT* 0 . -f<0 5 *> . D . E (i»*3R 

IBB l /iiia.BiT'S) £ . d -Goy&z-m * ffiffl t x 

[00 26] A~G<^;Ut(i. **5».T'<0 
^fitiiltrC^ 5 0 /< mcox 7 f-y ^$rSfi LT . 
[0027] OBJte^&J: •? K, **»ffl$i 



[0028] 7j<sT;^ fc TW^ViiX b<0£i>*. hix 
1H#>t>ti&Zbl) i bfr&. 

[ o o 2 9 ] jxtc. 7K*#H^T^i?W!iaH>r<o^;ls < ff^ 
x 7 -rv?ymzr>\\xwm$h . x 7 f-y^jaaow 

i o o 3 o ] si 2 b «x 7 yymikomm 
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[00 3 1] 
[-3S2J 

. (ppb) 



( u m) 




x v * > / ft 


Fe 


Cr 


Ni 


Co 


Fe 


Cr 


Ni 


Cu 


0-30 


50 


23 


45 


55 


3 


0. 1 


0. 5 


9 


30-60 


12 


2 


14 


34 


1 


0. 1 


0. 2 


5 


60-90 


2 


0. 1 


0. 2 


8 


0. 5 


0. 1 


0. 2 


5 



[0032] 



[*3] 



,12 



(ilO l6 aloms/cB fl ) 





Fe 


Cr 


Ni 


Cu 




5. 5 


0. 4 


<0. T 


3 




0. 5 


<0. 3 


<0. 1 


<0. 2 



x 7 -i-yywmt&z kizx*). sman&WR&im 

[0033] f«K Rl&lf&SO^x-AFeftJfcaft: 

^iTCJlSi . 10' o~10' ' atoms/ 

cm2 TfcofcFeFSJfttf, to*. 10»a 



toms/cmHJiHtiMUt^. 
[0034 ] 

e. Ni, C r . Cu«SMTA ! lx 1 O 1 2 ato 
m s / c m 3 VXTX'h ht&iXMmt x -a d fc 
I07K*#Bira«lfflU^^x-A 



<5i> int.ci .s mme* Fl 

H O 1 L 21/31 H O 1 L 21/31 E 

21/324 21/324 Q 
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